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Antimicrobial activities of Derris elliptica against selected 
foodborne pathogens and crop pathogenic fungi 
Norhasyimah Bt Saiful Hakimi 
~ 
Resource Biotechnology 
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Universiti Malaysia Sarawak (UNIMAS) 
ABSTRACT 
The aim of this study was to test the antimicrobial activity of the methanol root extract of 
Derris elliptica against foodborne pathogens (Escherichia coli, Staphylococcus aureus and 
Vibrio cholera) and crop pathogenic fungi (Fusarium solani, Fusarium sp. (white) and 
Pyricularia oryzae). The antibacterial and antifungal activities were determined through disk 
diffusion test and agar plug method respectively. The antimicrobial activity of the extract 
only showed significant effect towards F. solani and Fusarium sp. (white) and no significant 
effect towards E. coli, S. aureus, V. cholera and P. oryzae. 
Keywords: Derris elliptica, antibacterial, antifungal, foodborne pathogens, crop 
pathogenic fungi 
ABSTRAK 
Tujuan kajian ini adalah untuk menguji aktiviti antimikrobik dari ekstrak akar metanol 
Derris elliptica terhadap patogen bawaan makanan (Escherichia coli, Staphylococcus aureus 
dan Vibrio kolera) dan kulat patogen tanaman (Fusarium solani, Fusarium sp. (Putih) dan 
Pyricularia oryzae). Aktiviti antibakteria dan antijamur ditentukan melalui ujian penyebaran 
cakera dan kaedah palam agar. Aktiviti antimikrobial ekstrak hanya menunjukkan kesan 
yang ketara ke atas F. solani dan Fusarium sp. (putih) dan tiada memberi kesan terhadap E. 
coli, S. aureus, V. cholera dan P. oryzae. 
Kata kunci: Derris elliptica, antibakteria, antifungal, pathogen bawaan makanan, kulat 
pathogen tanaman 
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CHAPTER 1 INTRODUCTION 
Derris elliptica or locally known as 'Pokok akar tuba' in Malaysia is a plant under 
the family of Leguminose, Fabaceae (USDA, NRCS, 2017). This plant is native to tropical 
countries such as India, Malaysia, Myanmar and other parts of Southeast Asia (Quattrocchi, 
2012). D. elliptica is perennial non-climbing shrub to a large woody climber plant which can 
be found in the forest edge, between shrubs and along riverside (Umberto, 2012; World 
Agro forestry Center, 2017). D. elliptica is known as one of the insecticidal plants in 
Malaysia and has been used in the agricultural industry against plant pests. 
Pathogen is a biological agent which bring harmful to the host by disrupt the normal 
physiology of the host and led to the formation of disease. Foodborne pathogen is one of 
pathogen that can cause various types of foodborne disease when infected by human. It is a 
type of pathogen associate with food which contaminated either by bacteria, virus or fungi. 
Salmonella, Campylobacter, Escherichia coli and Listeria monocytogenes are well-known 
bacteria to be a part of foodbome pathogens. According to Centers for Disease Control 
(2017), over 48 million people are reported with foodborne illness each year and recently in 
2015, over 902 foodbome outbreaks wear reported in United States with 15 202 illnesses, 
950 hospitalization and 15 deaths. 
Besides human, plant organism also at risk of being infected by pathogens such as 
bacteria, fungi and animal which highly known as pests. The plant diseases can be either in 
the form of infectious and non-infectious disease. Plant infectious disease plant is the most 
difficult disease to be control because the plant has been infected by pathogen with capability 
to reproduce within or on the plant host and spread the disease from one plant to another 
plant within the same population species. This situation leads to a major threat and problem 
to the agricultural industry. 
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With the concerns about problems of pathogenic infections on the organisms like 
human, animal and plant, various studies have been conducted to solve the problem. For 
over centuries, researcher has used plant as a research subject in finding antimicrobial agent 
against pathogens such as bacteria, fungi and viruses. In this research, D. elliptica is used as 
research subject against selected foodborne and plant pathogens. 
Problem Statements 
Throughout the years, the foodborne and plant pathogens are being killed and treated with 
various chemical agents to minimize the number ofinfectious toward the organism. However, 
some of the pathogens have been evolved to be resistance towards the chemical agents as 
the time goes by due to natural selection and the environmental stress. This problem has led 
to the concern on findings new source of agents require to kill the foodborne and plant 
pathogens 
The objective of this study is as follow: 
1. To test the antimicrobial activity of the methanol root extract of Derris elliptica 
against selected foodborne pathogens and plant pathogens. 
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CHAPTER 2 LITERATURE REVIEW 
2.1 Description of Derris elliptica 
Derris elliptica or pokok akar tuba (Malay language) is a climber plant belong to the 
family of Leguminose, Fabaceae (USDA, NRCS, 2017) (Figure 1). This plant is native to 
the country such as Bangladesh, Indonesia, Malaysia, Myanmar and Thailand and commonly 
found in the forest edges, roadsides and along riverside in Java up to 1500m altitude (World 
Agroforestry Center, 2017). Over the centuries, this plant has been exploited by people from 
the Southeast Asia and the Pacific Islands to be source of fish poison and the production of 
poison arrows for hunting (Teng, 2013). 
Figure 1: Derris elliptica 
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2.1.1 Active compound in Derris elliptica 
Derris elliptica known as important source of bio-pesticide plant due to the presence 
of rotenone which is one of compounds with a broad spectrum of insecticidal properties 
(Gupta & Milatovic, 2014). This bio-active compound can be found in the stem and root of 
the plant (Zubairi et al., 2014). Besides, according to Zubairi et al., (2014) high 
concentration of rotenone extraction can be obtained from fine root (less than 1 cm in 
diameter) rather than from coarse root (1 to 2 cm in diameter) and stem (2 to 5 cm in 
diameter) of this plant. To minimize any thermal degradation of rotenone content from the 
plant, extraction should be done below the 40°C (Zubairi et al., 2014). 
2.1.2 Solvent and Method of Rotenone Extraction 
Various types of solvent chemical and method can be used in extracting. the bio- 
compound of rotenone from D. elliptica plant. One of the solvent is acetone which the 
highest amount of rotenone extraction can be collected from this plant when using normal 
soaking extraction (NSE) method compared to chloroform and ethanol solvents (Zubairi et 
al., 2004). However, the chloroform solvent show higher amount of rotenone extract 
compare to ethanol solvent when using the pressurized liquid extraction (PLE) method (Sae- 
Yun et al., 2006). 
2.1.3 Current Research 
In the recent study, the researchers tum to use rotenone with potent nemotocidal 
activity in controlling the parasitic roundworms which cause disease towards the livestock 
by affecting the food animals (Herath et al., 2017). 
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2.2 Antimicrobial activity 
Antimicrobial activity is known to be any activity of element that able to kills or 
suppress the growth of microorganisms which cause little affect towards the host (Tortora 
et al., 2010). Since from the past few decades, research on antimicrobial activity have been 
done from the plant extraction, essential oil and isolate compounds from natural resources 
(Rios & Recio, 2005). One of the research example is from green tea plant found to be 
potential against the bacteria from genus Vibrio with the presence of polyphenols compound 
(Taguri et al., 2004). Other than that, some of the inorganic nanoparticles like silver 
compound also been approved to have antimicrobial effects by inhibit the growth of various 
microorganism (Kim et al., 2007). 
Disk diffusion method of Kirby and Bouer is one of the standard method being used 
in determine the sensitivity of vegetative bacteria to various antimicrobial compounds 
(Hudzicki, 2009). Besides diffusion method, in vitro antimicrobial activity test also can be 
done using thin-layer chromatography, dilution methods, time-kill tell, ATP 
bioluminescence assay and Flow cytofluorometric method (Balouiri et al., 2016). 
2.3 Foodborne pathogens 
Foodbome pathogens are the infectious and toxigenic microorganisms which being 
transmitted through food and enable to cause an outbreak with serious complication or death 
to the infected people (Todd, 2001 ). The pathogens can come from variety types of bacteria 
and non-bacterial agents such as Protozoa, toxigenic algae and fungi together with viruses 
(Adams et al., 2016). In the most cases of foodbome outbreak were caused by Escherichia 
coli, Salmonella, Shigella and Listeria monocytogenes (Swaminathan et al., 2001 ). 
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Poor food handling can cause the food to be contaminated with all sorts of the 
pathogens. For example, the food from supermarkets and open markets are highly to be 
contaminated with foodbome pathogens because some of the pre-packaged products are 
display under refrigeration and some products are being exposed to ambient temperature 
(Minami et al., 2010). 
2.3.1 Escherichia coli 
Escherichia coli is a microorganism classified under family member of 
Enterobacteriaceae. It is a Gram-negative with rod-shaped bacteria that can be found in the 
warm-blooded organisms include in human body. E. coli can be found living in the warm- 
blooded organism intestinal tract is living coexist with the host by protecting the organ from 
being colonize by any pathogens (Delmas, Dalmasso, & Bonnet, 2015). However, some of 
the E coli strains are pathogenic such as enterotoxigenic E. coli (ETEC), enteropathogenic 
E. coli (EPEC) and enteroaggregative E.coli (EAEC) and these pathogenic strains can cause 
gastrointestinal diseases to the human (Nataro & Kaper, 1998). 
2.3.2 Staphylococcus aureus 
Staphylococcus aureus is bacteria categorized under family of Staphylococcaceae 
with spherical shape. It is a Gram-positive bacteria and known as one of facultative anaerobic 
bacteria which can survive with or without the present of oxygen. S. aureus is one of 
microbiota organism living on the skin of healthy human and in human nasal passage (Cogen, 
Nizet, & Gallo, 2008). It is classified as one of foodbome pathogen because it can be 
transferred to the food and produce toxin called staphylococcal enterotoxins (Le Loir, Baron, 
& Gautier, 2003). People that consume food contaminated with this toxin will have high 
possibility being infected with staphylococcal food poisoning disease. (Hennekinne et al., 
2012). 
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2.3.3 Vibrio cholera 
Vibrio cholera is comma-shaped rod bacteria with a single polar flagellum. It is 
Gram-negative bacteria under family of Vibrionaceae. There are two strains of V. cholera 
that are pathogenic to human called V, cholera 01 and 0139 (Finkelstein, 1996). Human 
can be infected by the pathogenic V cholera is through consumption of food and water 
contaminated by the bacteria. The infected human will suffer from cholera disease which 
affect the gastrointestinal organ and cause rice-like diarrhea (Lyon, 2001). 
2.4 Crop Pathogenic Fungi 
Plant pathogens can be in the form of bacteria, viruses, fungi, insects and nematodes 
(Dang & Jones, 2001 ). The pathogens can be classified into two groups which are necrotrophs 
and biotrophs. Necrotrophs are pathogens that infect the plant by killing the host and feed on 
the nutrient while biotrophs only infect the host to gain nutrient without kill the host (Dangl 
& Jones, 2001 ). In the agricultural industry, modern crop plantation has high risk on getting 
infected by pathogen due to limited genetic diversity compared to wild species and landrace 
crop (Brown & Hovmoller, 2002). Therefore, when there is dispersal of fungi spore through 
wind, the crop will be in high possibility getting infected by a disease (Brown & Hovmoller, 
2002). 
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2.4.1 Fusarium sp. 
Fusarium species is one of fungi genus associated as one of plant pathogen that cause 
various types of disease. Some examples of disease caused by Fusarium sp. are the sudden 
death of Soybean (Roy, 1997), Panama disease on the banana (Ploetz, 2006) and crown 
disease in oil palm (Hafizi et al., 2013 ). Fusarium sp. is a part of soil fungi because they can 
be found abundance in soil and commonly infect the plant root either as parasites or 
saprophytes fungi (Nelson et al., 1994). There are three types of spore produce by Fusarium 
sp. known as macroconidia, microconidia and chlamydospores (Nelson, Dignani, & Anaissie, 
1994 ). However, all these spore types might not be produced in some of the species. 
2.4.2 Pyricularia oryzae 
Pyricularia oryzae is Ascomycota fungi associated with a disease known as rice blast 
disease (Manandhar et. al., 1998). This problem has threatened the agricultural industry in 
the production of rice which occur all around the world such as in Southeast Asia countries 
(Suryadi et. al., 2013), Bangladesh (Khan et al., 2016) and Japan (Kawasaki et al., 2016). 
The symptoms of the rice blast disease can be observed at the early stage of growing until 
the production of final grain (Hosseyni-Moghaddam, & Soltani, 2013). P. oryzae not only 
cause a disease to the rice but also infect the wheat, barley, millet and oat (Castroagudin et 
al., 2016). 
In order to overcome the problem of rice blast disease, various types of approaches 
and management have been done. These include the use of cultural control practice, 
fungicides, backcrossing breeding and also molecular marker approaches (Srivastava et al., 
2017). 
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CHAPTER 3 MATERIALS AND METHODS 
3.1 Materials 
Dried Derris elliptica root, absolute methanol, Escherichia coli, Staphylococcus aureus, 
Vibrio cholera, Mueller-Hinton Agar (MHA), Tryptic soy Broth (TSB), Potato Dextrose 
Agar (PDA), Dimethyl sulphur oxide (DMSO), Fusarium solani, Fusarium sp. (white), 
Pyricularia oryzae, 
3.2 Methods 
3.2.1 Collection and preparations of plant material 
Root samples of Derris elliptica were collected from Tinjar Baram, Sarawak. The samples 
were clean with tap water through wet tissue to remove any fine dirt and soil. After patted 
dry wit tissue paper, the cleaned samples were dried at the room temperature of 28 ± 2C for 
2 weeks. After drying process, the roots were grounded into powder using a grinder and kept 
in an air tight bottle. Then, the bottle was stored in the dark place until further used. 
3.2.2 Phytochemical compound extraction 
Using maceration method, fifty gram of root powder was soaked in absolute methanol for 
three days at room temperature (28C to 30°C) in a beaker sealed with aluminium and placed 
on the shaker. During the three days extraction, the plant extract was collected each day and 
new methanol was added to continue the extraction. The collected methanolic extract was 
filtered twice through Whatman No. 1 filter paper and evaporated using rotary evaporator 
(water bath temperature= 50 °C to 55°C) until the methanolic extract was concentrated. The 
concentrated extract was transferred into a beaker and let evaporated for three weeks to 
obtain the crude extract of methanol. The air dried crude was weighed and approximately 
six gram of crude extract obtained. 
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3.2.3 Bacteria and Fungi Preparation 
3.2.3.1 Bacteria inoculum preparation 
Escherichia coli, Staphylococcus aureus and Vibrio cholera were obtained from the 
Microbiology Laboratory of Faculty of Resource Science and Technology (FRST) culture 
collection. These bacteria were pre-cultured in the Tryptone Soy Broth (TSB) and incubated 
at 3 7°C for 24 hours. The inoculum size of each bacteria was standardized to 0.5 McFarland 
standard (10° colony forming units (cfu/ml)) (Abah & Egwari, 2011). 0.5 McFarland 
standard was prepared by mixing 0.05 ml of 1 % of barium chloride and 9.95 ml of 1 % 
sulfuric acid. 
3.2.3.2 Crop Pathogenic Fungi preparation 
Fusarium solani, Fusarium sp. (white) and Pyricularia oryzae were obtained from 
Cryopreservative Laboratory of Faculty of Resource Science and Technology (FRST) 
culture collection. F. solani and Fusarium sp. (white) were re-cultured on the Potato 
Dextrose Agar (PDA) and placed in the dark while P. oryzae was re-cultured on the Oatmeal 
Agar and placed 5 days in the dark, then exposed to the light at room temperature. 
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3.2.4 Antimicrobial test 
3.2.4.1 Antibacterial test 
The stock solution of crude extract was prepared with 0.1 g of crude extract dissolved in 1 
ml of dimethyl sulphur oxide (DMSO). Then, the extract was diluted with DMSO to the 
concentrations of 0.1 mg/ml, 1 mg/ml, 10 mg/ml and 100 mg/ml (Abah & Egwari, 2011) to 
test the different inhibitory effect on the bacteria. Filter paper discs with size of six 
millimetres made from Whatman No. 1 filter paper were dipped in each of the concentrations 
and one of the discs was dipped in DMSO as a control. The standardized bacteria suspension 
was swabbed on the Mueller-Hinton agar (MHA) by using a cotton swab. All the discs with 
different crude extract concentrations were placed on the agar and incubated for 24 hours at 
37C. Al tests were done in duplicate of three within same bacteria. Any formation of 
inhibition was measured in millilitre diameter and recorded. 
3.2.4.2 Antifungal test 
This procedure was done according to Khaleel et al., (2014) with modifications. The stock 
solution of crude extract was prepared at concentration 10 mg/ml. Different concentrations 
(5 mg/ml and 2.5 mg/ml) of crude extract were prepared from stock solution by diluting the 
crude extract with the DMSO solution. The crude extract solutions were mixed into the 
media (Potato Dextrose Agar and Oatmeal Agar) with the final concentrations of the crude 
extract were 25 g/ml, 50 µg/ml and 100 µg/ml. Media with the volume of20 ml containing 
the crude extract was poured into the Petri dish. The media consist of only 1% DMSO was 
used as negative control. Six mm agar plug of pathogenic fungi was cut from the edge of 10 
days old culture plate and placed at the centre of the media containing the extract. The plates 
were incubated at room temperature and the radial growth of mycelium was measured for 
every 24 hours until the control plate reached the full plate. 
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All tests were done in duplicate of ten. The radial growth of mycelium measurement was 
taken from the two perpendicular straight line drawn at the bottom of each plate (Miyashira 
et. al., 2010; Hendricks et al., 2017). The results obtained for the growth of fungi in each 
treatment were attached on Appendix 3. The growth rate of the fungi mycelium on each plate 
was calculated using the fonnula: 
Average ofmycelium growth (D) = (axis A+B+C+D) / 4 
Growth rate of fungi mycelium = [(D2-D1) + (D3-D2) + (D4-D3) + ... ] /N-I 
*N= Number of days of growth 
3.2.5 Statistical analysis 
Data analysis for the antifungal test was done by using one-way ANOVA (Baumer et al., 
2008) for a significance level of 0.05 through IBM Statistical Package for the Social 
Sciences (SPSS) Statistics software. 
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